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© Peptide boronic acid derivatives having protease inhibiting activity. 

© Borolysine peptidomimetics of fonmula I 

Qi 

* / 

V-Y-N-CH-B I 

I I \ 
R< R 5 Q 2 

wherein W, Y f R4, R5, Q, and Q 2 are defined in claim 1. are potent thrombin inhibitors. 
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This invention relates to inhibitors of serine proteases such as thrombin, factor Xa, kallikrein and plasmifl 
as well as other serine proteases like prolyl endopeptidase and Ig Al Protease. Thrombin, the last enzyme in 
the coagulation system, cleaves soluble fibrinogen to fibrin, which is then crosslinked and forms an insoluble 
gel forming the matrix for a thrombus. When a vessel is damaged, the above process is necessary to stop bleed- 
ing. Under normal circumstances there is no measurable amount of thrombin present in plasma. Increase of 
tt>e thrombin concentration can result in formation of clots, which can lead to thromboembolic disease, one of 
the most common serious medical problems of our time. 

Thrombin contributes to haemostatic control by means of several biological reactions. In addition to its prim- 
ary function, the conversion of fibrinogen to fibrin, thrombin activates Factor XIII. which is responsible for the 
oosslmking of fibrin. Thrombin also acts by means of a positive feed back mechanism involving the activation 
22TJ21SSr f bo* are necessary for its own formation from prothrombin. Thrombin has another 
hSmoisil ,maateS P ' ate,et re,eaSe 3nd a ^ e ^ tion which * responsible for primary 

are T^r^ 

I ZZT^,l L ? 8Se t "° compounds have been Elated and are therapeutically and 

XI f aSS ,herC ^ a " imba ' anCe haemostatic mechanism with risk for prot- 

SyntheBc thrombin inhibitors, having oral activity, would be useful as alternatives to the parenteral admini- 
ster, of these natural inhibitors. Much research in this area has resulted in the synthesis of good inhibitors 
of thrombm in yrt£ but as yet there is no really good candidate for oral therapeutic use. By imitating amino 
acid ^equences of fibnnogen. the important natural substrate of thrombin, several good short peptide substrates 
™ rH I 6 PrOdU0ed - 1,1686 P6Ptide SUbStrateS have aiso been transformed into inhibitors of the 
Dre^tnryth 18 ^ ^ 'tm! 09 ^"' 0 substrates D-Pbe-Pro-Arg-pNA and D-Phe-Pip-Arg-PNA mimic the sequence 
Si 9 £ b0nd f rt ^ thrombin. The corresponding reversible and irreversible inhibitors, D-Phe-Pro-Argi- 
nal and D-Phe-Pro-Arg-CH 2 CI show inhibition in vitro in the 1 (H M range 

^ n ^^y ketCmeS ,.f Te , 96nera " y t0 ° nons P eciflca,| y active to be ideal for therapeutic use. and the 
peptide aldehyde exemplified above has quite a low LDjo value. 

Zll?** iS .? 6 C ° a9U ! ati0n enzyme responsible for the generation of thrombin by limited proteolysis of 
LTa^^n TH "•• l W6 f L fcr W6i9ht b3SiS faCt ° r Xa iS at ,east 10 times more thrombogenic in 
system, so that one molecule of factor Xa can generate many molecules of thrombin from its precureor. Its pro- 

tZ^Z « 9 b L 00d ° nt0 hi9h ^ SiteS ° n tne vessel wa,L The antral position of factor Xa at the 
tati^echa^sm 3 extrinsic P atnw eys should make it a suitable target for modulating the haemos- 

fe^ifSr" iS f ? n6d preka " ikrein * ,he action of factor XII. when located on a negatively charged sur- 

XlS'^S 1" T^"^™ faCt0r X " t0 ^ X " a - th6r6by fonnin9 3 reciprocal activati °" Paotor 
f nrlls? ^ ^ ° f *• ^Istion system. The significance of the contact system 

^probably as a surface mediated defense mechanism, and a large scale activation of the system is normally 
seen dunng shock or disseminated intravascular coagulation (DIC). The role of kallikrein at this stage is to 
deave high molecular weight kininogen with the release of the vasodilator, bradykinin. Bradykinin also causes 
hirhA„r CU I Patmeab ^- pain and mi 9 ra tion of the neutrophil leucocytes. Inhibitors of kinin formation 
£ ustS t 2 3 *" C6rtai " tyP6S ° f inflammation - '"oiuding arthritis and pancreatitits, and may 

LTnthih tor T? . aS ! hma - ^ ° n,y SUbStanC6 th3t h3S 3ttained dinical ^nfficance as a kal- 
likrein inhibitor. ,s aprobn.n (T rasylol). Aprotinin is a polypeptide of molecular weight 6.500. and forms a stable 
complex with proteases, having a binding constant of 1 0- 10 -1 0- 13 M. 

Fibrinolysis is the process which causes an enzymatic dissolution of fibrinogen and fibrin clots. Plasma 
cor.ta.ns a protein, plasminogen, which under the influence of various activators is converted to plasmin a pro- 
teolytic enzyme the activity of which resembles that of trypsin. Plasmin breaks down fibrinogen and fibrin to 
fibnn/fibnnogen degradation products. 

Under normal conditions, the fibrinolysis system is in balance with the coagulation system. Small thrombi 
formed m the blood stream can be dissolved enzymatically and the circulation through the vessels can be res- 
tored by the activation of the fibrinolytic system in the body. If the fibrinolytic activity is too high, it may cause 
or prolong bleeding. The activity can be inhibited by natural inhibitors in the blood 

Prolyl endopeptidase cleaves peptide bonds on the carboxyl side of proline residues within a peptide chain 
t is a senne protease which readily degrades a number of neuropeptides including substance P. neurotensin' 
ttiyrotoopin-releasing hormone and luteinizing hormone-releasing hormone and which has been associated with 
the ability of cell to produce interleukin 2 (IL-2). The enzyme is inhibited by benzyloxycarbonyl-prolyl-prolinal 
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The Ig A ^-.M*" ""T^Mm ST Uen-bin** Fab regions ol the mohc>£ 

serine protease family of proteolytic enzymes. nhvsioloaiC ai processes which have been associated 

The mu.tiplero.es played »*™^ ma "^^%^ activity, suggest a potential use of 
with pathological disorders such as cancer. ^ «rtiovascu.ar system. 

Zi£n inhibitors in several indications not stnctiy "^^TaSodawJ with the generation of throm- 
*C tumor ce.is have been shown ^'i^SS^^^- 40 * 

chemotherapeutic agents. in< ,, iees a number of pro-inflammatory changes such as ******* 

Thrombin activation of endothehal cells mduces factor . Additionally, thrombin induces he 

disorders, rheumatoid arthritis and «*«**^ " es makes thrombin to a potential target for the 
,ts involvement in all these pro-mflammatory P^« logical disorders. 

25 therapeutic treatment with thrombin inhib.tors o ^a™*°" ^ J ^ antagonist, 

Theactivityof^ 
isrrIrKed.yandspec^^ 

thatthrombin-like activity was mcreased ^ ^^ed with thrombin hype ra ^rty^ 

potential for limiting or reversing TT^SSS^^Im esterases and proteases. The M ibewje 

ThTUractiono^^^^ 

add Ihave beenshowntobe ^S^^rJ^L Unke the peptide ch.oromethylKetones, 

^^^^^ 

European Patent Application 293 881 <r*^&^i2J^ of trypsin^ serine proteases. 

acid derivatives of lysine. ^^^^T^T-l-n- of the 20 natorafly-occumng ammo 
The other amino acids in the peptides are all e.mer m 

Accordingly, the present invention provides compounds of formu.a I 
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chain. 

xordingly, the present invenuu., y 

Qx 

* /. 
V-Y-N-CH-B 

1 1 \ 
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- o, a , ^ C£Zl TSSZZ -"t • C0N " :,i " - 

o_^^^oa)ky. Rs is a group -A-X wherein A is 

. jatan. or represent any mixiure ofiKese Ca * 5h atom ™*ed • may have the D- or L-configu! 

Phenyl; of which FMDCO- is preferred The „ s ! " aphthyl - and *• ,s Phenyl, naphthyi or C,^ alkyl- 
, which R/ is ter,- butyl m&Rl ™ «~ «*™» 

Preferably Rj is R s - where R . fe ,1" ' , ? " wmch R? ,s ^vl (designated 2). 
is2.3or4. * SWhereR5B - (CH ^ X ^^ 
Preferred compounds are those of formula la 



25 



OR, 

* / 
W-Y-N-CH-b 

I I \ la 
30 R« R 5 0R 10 

£"* i 2 - hexanedfo,: 2.3-hexanediol; dttS^^SS^T*^ ^^nediol; etny.ene 
M ^^^"bst^edonad or aro ™«c compounds having hydroxy 

Particularly preferred are those impounds in^ 
of formula a) orthe group of formula b) Ql and ° 2 taken to 9 ether ^present the group OPin 



40 



- 0. 




- 0 



- 0 

45 - 0 

a) 




„ acds such as glutamic acid gamma-piperidide "° ^ ° r Chemica,| y modif ^ alpha-amino 

(du *(^y > 

Preferred unnatural amino acids are of formula II 
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I 

NH - CH - C 
ti 

0 



II 



optionally by a polar group substituted aromatic grcup o a a cycta group hwmg , a ^ ^ ^ 
t0 polar substituents, or to a tert butyl or trimethyteilyl group. Preferably R„ .s R„ wnere k„ 
mulaec),d),e),f),g).h)ori) 



15 



20 




c) 



-CH 2 -Si(CHj>3 



d) 




CH 2 



e) 



25 



30 



-CH 2 -C(CH 3 > 3 





O 



HO 



CH : - 




CH 2 - 



O 



0 C 6 H 5 
C«H 5 



f) 



E) 



h) i> 
40 formula 



45 




50 



These more preferred compounds have the formula I' 



55 



V - NH 



- CH(Rn) - CO - Pro - N - CHR 5 -B 



Q 2 



5 



BP 0 471 651 A2 



10 



15 



20 



25 



in which X is -NH 2 may in turn be produced by hydrogenation of a compound of fonrjula , I , n*h,ch X ,s -N,. 
Hydrogenation may be carried out under standard conditions using for example a Pd/C catalyst. 

^e compounds of formula . in which X is -N, may be produced by reaction of a compound of formula V. 

Qi 

/ 

V-Y-NH-CH-B VI 
Ri2 Qi 

in which W, Y, Qi and Q 2 are defined above and R 12 is -A-Br wherein A is definded above with sodium azide 
in fpoVar aprotic solvent such as dimethy. su.phox.de. Compounds of foonuia I in which X ,s an alky«m» W 
mTy be produced by the reaction of a compound of formula VI with a thiol in the presence of an organ.c base 

"The rebates of formuia VI. as well as compounds of formula . in which X is -Si(CH 3 ) 3 or an a.koxy 
group may be obtained by the reaction of a compound of formula VII 

Qi 

/ f 
CI - CH - B m 

I \ 

Rl3 Q2 

in which Q, and Q 2 are defined above and R„ is -A-Br, A-Oalkyl or -A-SifCH,), wherein A is defined labove 
of formula VIII 
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V - Y - 0 - N VIII 



" '""'prauofd pepS* of W V> may Pa prepared by mearods which are eonverrUaaal in W P P* 

Tn^rombogenic effect, and may be given as single dose , or in dMM doses or as a sus*me n*«£ 
. *• JkL an »ytrarnraoreal blood loop is to be established for a patient 0.1-1 mg/Kg may De aominis- 

"* pw ,iter may be provided to pre r "sss 

SSSSSSSi. are well known and include sugars, starches and water which may be used to make 
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in which W, R,, R,„ Q„ and Q 2 are as defined above. 
Particularly preferred compounds are those of formula I" 

» - NB - CH(R L1 ) - CO - Pro - N - CHR 5 ' - 

. R< 

in which W. R,, Rg' and R„ are as defined above. 

The most preferred compounds are the compound of formula III 



20 




III 



H 



the compound of formula IV 



30 




IV 



and the compound of formula V 



so 




V 




55 
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55 



implantable apparatus which coLs ° »n^t 1 b.L C °" eCt,n9 ° r disWbUtion COntainere - «*» « 

nsitive to compounds such as heparin * the treatment ° f individoals who are hyperae- 

In the following examples, the symbols have the following meanings- 
* = benzyioxycarbonyl 

Boc = t-butyioxycarbonyf 

10 ^ =acely) 

Me0H = methyl alcohol 

Et0Ac = ethyl acetate 

P?f, e = dicyclohexylcarbodiimide 

HONSu = N-hydroxy-succinimide 

,5 OP,n = pinanediol 

THF = tetrahydrofuran 

n ' Bu = n-butyl 

Np = p-nitrophenyl 

= thin layer chromatography 
20 Bzl = benzyl 

JJi . =-NH-CH-{CH 2 CH 2 CH 2 Br)B- 

IMS>al = trimethylsilylalanine 

Adal = adamantylalanine 

Na P hal = 2-naphthyialanine 

25 BoroOm = -NH-CH-fCHjCHjCHjNHJB- 

BoroArg = -NH-CH4CH 2 CH 2 CH 2 NHC(NH)N H2 ]B- 

?° 9, y = 1-adamantylglycine 

oroPro- = analog of proline in which the -COOH 

°, = group is replaced by B-Opin 

SSL' = -NH-CH^CHj-CHrCHrCHz-NHJB- 

22Ji? =- N H-CH-<CH 2 CH 2 CH 2 CH 2 NHC(NH)NH 2 )B- 

SS?*., =-NH<CH-<CH 2 CH 2 CH r OCH 9 )B. 

^™!-^ h f l =P-hydroxymethy^-phenylalanine 

35 Theld^ 
ofa^S^ 

-der in ~^ a °°" with a singlTce,, Kinetic 

■ NaCI and 0.1% bovine semm £H TtoVl I pH 7 " 4 ' M M 

chromogenicassa^^fs^ro,!^ S °' Ut °" containin 9 <°° "M active enzyme. For the 
•0hexy.-ala.ar9.pNi is dSed n builr foTs ST' 10 " ?he SUbStrate ' 2AcOH-H-D-cyc- 

cremophor/ethanol V1 andfoen dL^ZfT . ! . concentration - Inhibitors are first dissolved in 
with the phosphate ^£S!S£^ * ' "°* S ° ,Uti ° n - Furt " ar *'"tions are performed 

•owed for 30 ^tol^E^^r^? of the P**W P-«roani.ide substrates is «. 

calculate the WneficparaTte^ nm - The da * are used to 

mechanisms obse^^T^^^T. T * to the *" ™><* 

stents of those inhibited ZZX^^^Z'^'^ Kinetic c - 

control > v 0 with inhibitor) at I >> E. £2? 9 rnecnanKim - name| y <ast binding (initial rate v 0 of 

linear regressl^ concentration/total enzyme concentration) are calculate by 

zonta. inLept K, ^ TZ^n V) * value is ca.cu.ated from the hor£ 

if il , '', K|, app = K, (1 + S/Km) (1) 
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P - V,t*£^l1-exp(-W)l (2) 

Kotos 

where P is the amount of pNA formed at time T, V 0 the initial rate. V, the rate at steade-state, and an appa- 
rent global reaction rate as a function of E,, l t . K,. .pp, and the observed second-order rate constant (k' en ) for 
5 the interaction between inhibitor and enzyme. Data from slow, tight-binding inhibition measurements are fitted 
to equation (2) by a nonlinear regression analysis which yields estimates of ko to . Values for k'™. keff and K,, , pp 
are then obtained from a plot vs pj- The value for k^ is given by the vertical intercept, while the values of 
k'c and K, are calculated from the slope and horizontal intercepts, respectively, using equation (1). 

10 Example 1 

Boc-TMSal-Pro-NH-CHKCH^ N jBOPin 
A. Boc-P-TMSal-OH 

15 

D-TMSai ethyl ester (21.5 g, 113.7 mMol), prepared according to the procedure given in Angew. Cnem. 
93, 793 (1981), is dissolved in CH 2 CI 2 and a solution of an excess of BocjO in CH 2 CI 2 is added. After 15 hr at 
room temperature, 500 ml of ice-cold 0.25N hydrochloric acid is added. The organic layer is washed with 5% 
NaHC0 3 and brine, then is dried over NajSO, and concentrated in vacuo. 
20 The crude material (colourless oil) is used directly in the saponification step. It is dissolved in methanol, 
cooled to 0°, mixed with 510 ml of 1N NaOH and stirred at 0° for 3 hr. After acidification to pH1 with 1N HCI, 
the mixture is extracted several times with ether. The organic layers are combined, washed with brine, dned 
over Na 2 S0 4 and concentrated in vacuo. The product (29.7 g oil) is used in the next step without further puri- 
fication. 



25 



45 



B. Boc-D-TMSal-Pro-ONSu 



Boc-D-TMSal-OH (29.7 g, 1 1 3.7 mMo!) and p-nitrophenol (1 9.0 g,136.3 mMol) are dissolved in EtOAc. After 
cooling to 0°, DCC (23.4 g, 1 13.6 mMo!) is added and the mixture is stirred for 1 hr at 0° and then for 15 hr at 
30 room temperature. The precipitate is filtered off and washed with EtOAc and the filtrate is concentrated in vacuo . 
The resulting oil is purified by flash chromatography (9:1 hexane/EtOAc) to give the desired Boc-D-TMSal-ONp 

as white crystals. . 

Boc-D-TMSal-ONp (51.6 g, 1 13.7 mMol) is dissolved inTHF and an aqueous solution of equrmolar amounts 
of proline and Et 3 N is added. After 20 hr at room temperature, the THF is removed in vacuo and the aqueous 
35 residue is diluted with water and then extracted several times with EtOAc. The pH of the aqueous layer is adjus- 
ted to 3 by adding 10% citric acid. The resulting oily product is extracted several times with EtOAc. The com- 
bined organic layers are washed with brine , dried over Na^O* and concentrated in vacuo. The colourless oil 
is recrystalirzed from ether/hexane to give the dipeptide Boc-D-TMSal-Pro-OH as a white crystalline compound 

40 ' The resulting dipeptide (26.0 g, 72.5 mMol) is dissolved in EtOAc. After cooling to 0'. HONSu (9.8 g. 85.5 
mMol) and DCC (14.9 g, 72.3 mMol) are added. The mixture is stirred for 3 hr at 0" and then for an additional 
1 5 hour at room temperature. The mixture is recooled to 0°. the dicyclohexylurea is filtered off and washed sev- 
eral times with EtOAc. The filtrate is washed with aqueous 0.1 M Na 2 CO, and then with aqueous 2 ^ KHSO*. 
After drying over U^SO t and concentration in vacuo, Boc-D-TMSal-Pro-ONSu is obtained as a white foam. 



C) Boc-D-TMSal-Pro-Baa-OPin 



This procedure is a one-pot 3-step procedure which comprises the in staj formation of a chiral a-(b.s- 
trimethvtsilyl)amido boronate. the hydrolysis of the two trimethvtsilyl groups and the coupling of the so formed 

so a-amino boronate with the active ester (Boc-D-TMSal-Pro-ONSu) prepared in step B. The entire sequence of 
reactions is carried out under an argon atmosphere. The chiral a-chloro boronate (( + )-PinanedK)l-(S)-1-chto- 
rcnt-bromo-butane-1-boronate) (1.75g, 5.0mMol) te dissolved in 2.5 ml THF and is added to a precooled (-78 ) 
solution of lithium hexamethyldisilazane (5 ml of a 1.0 M solution in hexane, 5.0 mMol). After stimng for 30 
minutes at -78*. the solution is warmed up overnight to room temperature. After recool.ng to -78°, 3 mol equh 

55 valents of HCI in dioxane are added. The mixture is warmed up to room temperature and is stirred for 2 hr _at 
this temperature. After recooling to -20', a solution of the active ester of step B (2.28 g. 5.0 mMol) in 6 ml CH 2 Cb 
is added, followed by the addition of 1.39 ml (10.0 mMol) of triethyiamine. 



9 
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The mature is stirred fori hrat-13^warmeduptoroomtemperature a ndstirredfor2hratthisternperaturt^ 
J,!"t w B the fdtrate is concentrated in vacuo, the residue is diluted with ether and washed with 

crystalled on standing to g.ve the desired chiral peptide boronate as a white crystalline compound. 

D) Boc-D-TMSal-Pro-NH-CHf(CH,) ; N ; , lBOPin 

Boc-D-TMSal-Pro-Baa-OPin. the product of step C (804 mg, 1.2 mMol) is dissolved in 13 ml of DMSO and 

SSSLT J?- 2 1 t m T ) The miXtUre iS S, ^ d for 3 houre * "»» temperature. Ether it 

TrTT y WWte CrySta ' S 3re «* of the mixture. The white precipitate is fil- 

tered off and washed wrth ether to give 0.6 g of the azide as a white crystalline compound. 

Example 2 

Boc-D-TMSal-Pro-BoroOrn-OPin 

sence h of 0 5o oMO^Pd / f h mMd > is dfeso,ved >" 25 ml EtOAc and is hydrogenated in the pre- 

SJfa whtefil t k „ 2 - 5 03131X81 fe rem ° Ved and the solution is concentrated in vacuo to 

y.eld a white foam. wh,ch is recrystallized from EtOAc / ether to give the desired product as a white crystalline 
compound. m.p.: 200 - 202*. [afc* = - 11.6- (c = 0.5 in MeOH). crystalline 

Example 3 

Boc-D-TMSal- Pro-boroAro-OPin ( benzene sulfonate) 

Boc-D-TMSal-Pro-boroOm-OPin of Example 2 (250 mg. 0.412 mMol) is dissolved in 2 ml ethanol Benzene 

sjtjs i^r: 2 fe added - After ^ for 15 * «■»» ^* £S ss- 

iv RP UcfnSh i B T ^ 1,16 ^ iS h63ted " nder ^ The P™*- * *• action Entered 
7,™ ,n "J* 016 d'saPPearance of the ninhydrin spotfbrthe amine starting material and the aooearance 
0 the Sakaguc*. streak of the product is observed. After 7 days, amine can no logger be detect anoThe sot 

The desired product is obtained as a white foam. 
[a] D » = - 45.3° (c = I in CH 2 Cy. 

Example 4 

Boc-D-TMSal-Pro-NH-CHffCH^ N ^B-OPin 
A)(+)-pinanediol-(S)-1-chloro-5-bromo-pentane-1-boronate 

„ 4 ;^ m ^ 1 - butene (20-8 ml. 203.3 mMol) is reacted with catecholborane (24.4 g. 203 3 mMol) at 100»C 
Z£Z Pr0dUCt fe dfeh ' l,ed in V3CU ° 10 ^e^c-butane-l-LnL as a 2££S£ 

W^TSl^S'.Z^Sl t iSS0,Ved " ™ F 3nd the 3b ° Ve Synthesi2ed 4-bromo-butane-l-boronate 
otntd'hvLTh ^ Ater 1 hr 31 ro0m temoerature . the THF is removed in vacuo and the residue is 

Chr0m3tr09raphy (90:1 0 h ^"^tOAc) to give (^pinanedtoM-bromo-butane-l-boronate as 

The desired (+)-pinanediol-(S)-1 < hlor 0 -5-bromo-pentane.1 -boronate is prepared according to the oro- 
cedure given in Organometallics 3. 1284 (1984). Therefore methylenechloride 9 8 ml) £rw2 cooled to 

JZTXXTF*" (71 ' 6 1 - 6 M S0,Ue ° n ' 114 - 5 mM0, > is added °ver 20 min. AterTmTn^WC 
a cold (-78'C) solution of (^pinanediol-5-bremo-pentane-l-boronate (32 8 g 104 1 mMo ) in THF k 1*Lh 

-Too*™ 

-i uo c the reaction mixture is warmed to room temperature and stirred for 2 hr th; c f AmMM *. -ru V 
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B) Boc-D-TMSal-Pro-NH-CH((CH2) 4 Br)B-OPin 

hr at room temperature. m ^,„ ri to -78<>C HCI (29.8 ml 6.56 N solution, 196 mMd) in 

After this periode. the reaction mojure . ; 78 £«J* hr at temp era«ure. The mixture 
dioxan is added, the solution is store I to. -46 ^ffl^^T^e 1 in CH 2 CI 2 is added before 
is cooled to -15»C. Boc-TMSal-Pro-ONSu (29.7 g. 65.2 mMoi; ™ ^ ng 8t . 15 . C for 1 hr.the 

famine (18.1 m.. 130.4 mMol) is added ^J^^^^Z concentrated in vacua 
mixture is stirred for 2 hr at room ^^J^^SZ Z ether. After drying over Na 2 S0 4 and 

from ether/hexane as a white crystalline compound, mp: 74 C. 
OBoc-D-TMSal-Pro-NH-CHWCH^NsJB-OPin 

(c=1.0inMeOH). 

Example 5 

25 Boc-D-TMSal-Pro-BoroLys-OPin 

crystalls. mp_ 128-129'C; a D = -59.6- (c=1.0 in MeOH). 
Example 6 

Roc-D-TMSal-Pro-B omHAro-OPin (benzene sulfonate) 

in ethanol, Cynamide (210 mg. 5 0 mMc ) «J^^^X«n^«l»^^^ 
reaction is monitored by RP-TLC in ^^^^^^i. After 7 days, amine can no longer be 
and the appearance of the M*ueh|M pnrt* _« >*» > ^ ^ and „ chromatograp hed 

detected and the solution is concentrated m , vacuo. The res,o 
on a 5 x 55 cm coiumn Sephadex LH-20 MeOH. 

The desired product is obtained as a white foam. a D t 



30 



35 



40 



Examples 7-29 

45 By methods analogous to those in Examples 1-6. the compounds of formuia 

fli 

/ 

V - NH .'- CH - CO - AA - N - CH - B 

50 I I X 



in 



55 
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TABLE I 



5 


Ex 


¥ Rn 










AA 




C 


solvent 




7 


Boc c) 


H 


-(cb 2 ; 


> 3 -NB 2 


a) 


Pro 


-27,8° 


0,5 


EtOB 




8 


Boc c) 


E 


-<CH 2 ) 


»jNEC(NB)NH 2 


a > 


Pro 


-75, 0 e 


1,0 


CB 2 C1 2 




9 


Boc e) 


B 


-(CH,) 


> 4 N 3 


a) 


Pro 


-64,7° 


0,51 


CB 2 C1 2 


10 


10 


Boc e) 


B 


-(CH 2 ) 


ijSiMej 


a) 


Pro 


-57,0° 


0,5 


CB 2 C1 2 




11 


Boc d) 


E 


-(cb 2 : 


> 2 SiMe 3 


a) 


Pro 


-59,3° 


1,0 


CB 2 C1 2 




12 


Ac c) 


B 


-(cb 2 : 


> 3 NHC(NH)NH 2 


a) 


Pro 


-80,2° 


0,5 


CB 2 C1 2 


IS 


13 


Boc e) 


B 


-(cb 2 : 


l 3 NHC(NH)NH 2 


a) 


Pro 


-42, 3 e 


0,5 


CB 2 C1 2 


14 


Boc c) 


B 


-(cb 2 : 


> 4 NHC(NH)NH 2 


a) 


Pro 


-18,8° 


0,5 


EtOB 




15 


Boc e) 


B 


-<cb 2 : 


l 4 NHC(NH)NE 2 


a) 


Pro 


-61,7° 


0,41 


CB 2 C1 2 




16 


Boc e) 


B 


-(ch 2 : 


UNBj 


a) 


Pro 


-52,4° 


0,54 


CB 2 C1 2 


20 


17 


Boc d) 


B 


-(cb 2 : 


> 3 NHC(NB)NB 2 


b) 


Pro 


-35,8° 


1,0 


EtOAc 




18 


Boc e) 


B 


-(ch 2 ; 


> 3 -NE 2 


a) 


Pro 


-10,6° 


0,5 


CB 2 C1 2 




19 


Boc d) 


B 


-(ch 2 ; 


) 3 NHC(NH)NE 2 


b) 


Gly 


+ 8,8° 


0,5 


EtOAc 


25 


20 


Ac c) 


B 


-(cb 2 ; 


»3-NH 2 


a) 


Pro 


-78,6° 


0,75 


CB 2 C1 2 


21 


Boc e) 


B 


-(ch 2 : 


> 3 -NH 2 


b) 


Gly 


-4,4° 


0,5 


CB 2 C1 2 




22 


Boc f ) 


B 


-(ch 2 : 




a > 


Pro 


-76,0° 


0,5 


CB 2 C1 2 




23 


Boc f ) 


B 


-(cb 2 : 


) 3 -NH 2 


a) 


Pro 


-25,4° 


0,5 


CB 2 C1 2 


30 


24 


Boc f) 


B 


-(cb 2 ; 


> 3 NEC(NB)NB 2 


a) 


Pro 


-34,8° 


0,5 


CB 2 C1 2 




25 


Boc d) 


B 


-(cb 2 : 


> 4 NHC(NH)NB 2 


a) 


Gly 


-14,7° 


1,0 


MeOB 




26 


Boc d) 


B 


-(cb 2 ; 


> 4 NB 2 


a) 


Gly 


-30,6 


0,5 


EtOB 


35 


27 


Boc d) 


B 


-(cb 2 ; 


) 4 NH 2 


a) 


Asp 


-18,4° 


0,5 


MeOB 


28 


B d) 


B 


-<cb 2 : 


) 3 NB 2 


a) 


Pro 


-53,6 


0,32 


MeOB 




29 


Boc d) 


E 


-(ce 2 ; 


) 4 0C 2 B s 


a) 


Pro 


-54,2 


0,5 


MeOB 



40 Example 30 

Boc>D-TMSaUProBoroMpg-OPin 

A) (+^Pinanediol-(S)-1-chloro-4-methoxy-butane-1-boronate 

45 

3-Methoxy-1.propene (6.0 g, 83,3 mMol) is reacted with catecholborane (1 0.0 g, 83.3 mMol) at 1 00°C over 
24 hr. The crude product is distilled in vacuo to give 3-methoxy-propane-1-boronate as a colourless oil. 
(+)-Pinanediol(10.6 g f 62.5 g mMol) is dissolved in THF and the above synthesized 3-methoxy-propane-1-boro- 
. nate (12.0 g, 62.5 mMol) is added. After 1 hr at room temperature, the THF is removed in vacuo and the residue 
so is purified by flash chromatography (80:20 hexane/EtOAc) to give (+)-pinanedioi-3-methoxy.propane-Vboro- 
nate as a colourless oil. 

The desired (+)-pjnanedioKS)-1-chloro-4-methoxy-butane-1-boronate is prepared according to the pro- 
cedure given in Organometallics 3, 1284 (1984). Therefore methylene chloride (2.2 ml) in THF is cooled to - 
10Q°C and n-butyllithium (13.8 ml 1.6 M solution, 22.0 mMol) is added over 20 min. After 15 min at -100°C t a 
55 solution of (+)-pinanediol-3-methoxy-propane-Vbororiate (5.04 g, 20 mMol) in THF is added followed by 
anhydrous ZnCI 2 (1 .42 g, 1 0.0 mMol). After additional 1 5 min at -1 00°C the reaction mixture is warmed to room 
temperature and stirred for 2 hr at this temperature. The solvent is removed in vacuo, the residue is diluted 
with ether and washed with water. The organic layer is dried over Na 2 S0 4 and is concentrated to give an oil 



12 



EP 0 471 651 A2 



10 



15 



20 



25 



30 



35 



which is punned by flash chromatography (9:1 hexane/EtOAc) to g*e the desired (+ )-pinanedio.-(S)-1-cr-oro- 
4-methoxy-butane-1-boronate as a colourless od. 

m RnR-D-TMSal-Pro-BoroMpg-OPin 

of step A) (1 S3 s. 5.0 mMol) in TW is added. After «m«J to 1 hr«-7B CM n»M. 5 n 

After W. pa«de. tl» reason rmn * ^J!* „ 2 £iL«. tow-*". 

The mixture is cooled to-15°C f BooTMSai kfo-uinou^ y ' After stirrina at -15°C for 1 hr, the 

triethylamine (1.39 ml. 10.0 mMo.) is added in vacuo, 

mixture is stirred for 2 hr at room temperature. The m,xtu re « fl.te « d ^ H ^° ith refnova | 
The residue isdilutedwi1hEtOAcand,s washed wrth0.2NHa^ 
of the solvent, an oil is obtained which is purified by flash chromatography (EtOAc) to give o 
BoroMpg-OPin as a white foam, a D = -48.8° (c=0.25 in CH 2 Cl2). 

Example 31 

Boc-D-(p<rBDPS-0^methyl>P hal-ProBoroOm-OPin 

A) Boc-D-(P-((1 .1-dimethviethyl)diphenyl-silyl)oxy)methylphenylalanine 

Inordertoselectfce^ 
a suspension of SnCI 2 (3.12 g, 16.5 mMol) in CH.O*. J^thy^am.ne <M rri J ^^ ) . a2id0 . 3Hp . ((1 . 1 . di(n e- 
solution is obtained. Bocanhydride (4.8 g, 22.0 mMd) .s adde I before (3^. 4M£ g , „ . 0 

m y>)dr-pheny,-si.^^ 

mMol). prepared according to the procedure gwen m J. Am ^Soc ^ 6881 g> ^ NaQH ^ ^ 

i „CH 2 a,Afterstirringfor2.5hratroomtem^ 

overHyflo.Theo.ganic.ayer is washed wto^^^^^^ 

AfterdryingoverN a2 SO,andcon^^ ^ 

to grve (3(2S).4S)-W^ g> ^ 

m ylVpheny1-1^xopropy1H-(phenvlmethyl)-2-oxazol.d none as a i wmie to After 1.75 

mMo ts dLolved in THF/water an is hydTO.yzed w£ ^^^^^^5. residue is adjus- 
hrat0-C,Na 2 SO3(1.25g,9.9mtVlol).n water ^^ f ^^^^^^ an ^e6Y,m^r, 
tedto^and^m^ 



foam. 



40 



45 



50 



55 



B)Boc-W(<1.1^^^ 

DCC (0.59 g. 2.88 mMo.) is added to a mixture of KSSS^ 
Mtrcpheno.^^ 

After cooling to 0»C. the precipitate *^ d °* 

vacuo. The resulting oil <Boc^p-TBDPS^e>Pha ^ONp) n • ' QUS solution of u _ proline 

Boc.D-(p-TBDPS-0-Me)-Pha.-ONp (22 room temperature the THF is 
(365 mg, 3.17 mMol) and Et,N (0.88 ml. 6.33 ^V?££* The resulting oily product is extracted 

removed in vacuo. The pH is adjusted to 3 by over Na^O, and con- 
several — - ^JH^ 

This dipeptide(1.3g. 2.06 ^ sd ^ 

DCC (330 mg, 2.06 mMo.) are added The mixture s rented to 0 jr ^ ^ 

Me)-Phal-Pro-ONSu is obtained as a white foam. 
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C) Boc-D-(p-TBDPS-0-Me)-Phal-Pro-Baa-OPin V 

The title compound is obtained by using the analogous one-pot 3-step procedure described for the synth- 
esis of Boc-D-TMSal-Pro-Baa-OPin in Example 1/C Therefore the intermediate a-amino-boronate, which 
5 results from the reaction of the chiral a-chlon>boronate ((+)-pinanedioKS)-1-chlorc^-brornc-butane-Vboro- 
nate) (659 mg. 2.0 mMol) with LiN(SiMe 3 ) 2 (2.0 mMol) and hydrolysis with HCl, is reacted with the active ester 
of step B) (1.45 g ? 2.0 mMol) in the presence of Et 3 N (4.0 mMol) to give the title compound which is purified by 
flash chromatography (1:1 hexane/EtOAc). 

10 D) Boc-D-(p-TBDPS-0-Me)-Phal-Pro-BoroOrn«OPin 

The product of step C) (680 mg, 0.72 mMol) is dissolved in DMSO and sodium azide (94 mg, 1.44 mMol) 
is added. The mixture is stirred for 4 hr at room temperature. Ether/ice water is added, and immediately white 
crystalls are precipitated out of the mixture. The white precipitate is filtered off and washed with water to give 
15 Boc-D-(p-TBDPPS-OMe)-Phal-Pro-NH-CH((CH2)3N3)B-OPin as a white crystalline compound. 

This azide (272 mg, 0.3 mMol) is dissolved in EtOAc and is hydrogenated in the presence of Lindlar-Catalyst. 
After 8 hr, the catalyst is removed and the solution is concentrated in vacuo. The crude product is purified by 
flash chromatography (EtOAc then EtOH) to give the desired title compound as a white foam, oq - -32.4° 
(c=0.25 in MeOH). 

Example 32 

Boc-D-(p-OH-Me)-Phal-Pro-BoroOm-OPin 

25 The boro-ornithin of Example 31 (132 mg, 0.15 mMol) is dissolved in THF arid is reacted with n-Bu 4 NF (0.3 
ml 1.1 M solution, 0.3 mMol). After 45 mtn at room temperature ice water is added and the resulting mixture is 
extracted several times with EtOAc The combined organic layers are dried over Na 2 S0 4 and concentrated in 
vacuo. The resulting oil is purified by a short chromatography (EtOAc then EtOH) to give the desired title com- 
pound as a white foam, a D = -34.0°C (c=0.1 in MeOH). 

30 

Example 33 

Boc-D-TMS-al-Adgly-boroPro-OPin 

35 A^ L-1-Adamantylglycine 

(3(2S),4S)-3-(2^dc-2-adarrant-1-yM-oxoeto (% de > 95; 9,86 g, 

25,0 mMol), prepared according to the procedure given in J. Am. Chem. Soc. 109, 6881 (1987), is dissolved 
in 320 ml of a mixture of THF/H 2 0 (3:1), cooled to 0°C, mixed with 4 equiv. of hydrogen peroxide and 2,0 equiv. 

40 of LiOH. The resulting mixture is stirred at 0°C until the substrate has been consumed (30 min.), and the 
peroxide (percarboxytate) is quenched at 0°C with 1 0% excess of 1 ,5 N aq Na 2 S0 3 . After buffering with aqueous 
NaHC0 3 (pH 9-10) the mixture is extracted several times with EtOAc to remove the oxazolidinone chiral 
auxiliary. The product carboxyiic acid is isolated by EtOAc extraction of the acidified (pH 1-2) aqueous phase, 
drying over Na 2 S0 4 and concentration in vacuo. The desired (S)-azido-adamant-1-yl-acetic acid is isolated 

45 as white crystalls (5,29 g) and is used in the next step without further purification. 2(S)-Azido-adamant-1-ylacetic 
acid (5,29 g, 22,5 Mmol) is dissolved in 110 ml of EtOH and 11,3 ml of 2 N HCl, and is hydrogenated in the 
presence of 0,7 g of 10% Pd/C. After 2,5 h, catalyst is removed and the solution is concentrated in vacuo to 
yield the desired aminoacid as the hydrochloride salt The obtained hydrochloride is suspended in 40 ml of H 2 0 
and is treated with 1,9 g of solid NaHC0 3 . The obtained amino acid is filtered off and washed several times 

so with water. After drying in vacuo, L-1-adamantyl-glycine is obtained as a white crystalline compound, [afo 20 = 
+ 3,0 (c = 1,0 in MeOH). 

B. Boc-P-TMSal-Adgly-QNSu 

55 Boc-D-TMSal-ONp (7J1 g, 20,2 mMol) of example 1 is dissolved in THF and an aqueous solution of 

equimolar amounts of 1-adamantyl-glycine and Et 3 N is added. After 20 h at room temperature the THF is 
removed in vacuo and the aqueous residue is diluted with 150 ml of 0,1 N HCl, and then extracted several times 
with EtOAc. The combined organic layers are washed with brine, dried over Na 2 S0 4 and concentrated in vacuo. 
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'aSSlf ^ J* 0,9an ' C layer is dried over Na * so « an ° concentrated in vacuo The residue 

s crystalled on stand.ng to give the desired chiral peptide boronate as a white crystaliine co^nT 

D) Boc.D-TMSal-Pro-NH-CHffCH^ N a ]BOPin 

^^ts^^T'T^^ 0 ^^ 1 -2«"Mol)isdisso.vedin 13mlofDMSdand 

Example 2 

f5 Boc-D-TMSal-Pro-BoroOrn-OPin 

sence'oVo 5 6 g of m M / cSS 5! T, V^"*"' 28 ^ Et ° AC a " d * pre- 
*»°awn^oa^ 

20 compound, m.p, 200 - 202'. [«^> = . 11.?^ = as in MeOH). product as a white crystalline 

Example 3 

Boc-D-TMSal-P ro-boroAro-OPin (benzene sulfonated 

The desired product is obtained as a white foam 
[a] D » = .45.3' , (c = linCH 2 CI 2 ). 

Example 4 

Boc-D.TMSal- Pro-NH.CHffCH ? ) ! N ; )B-OPin 

A) ( + hPinanediol.(S)-1-chloro-5-bromo-pentane-1-boronate 



10 



EP 0 471 651 A2 



B) Boc-D-TMSal-Prc-NH-CH((CH 2 )4Br)B-OPin 

hr at room temperature. » n 7R°C HCI f29.8 ml 6.56 N solution. 196 mMol) in 

After this periode. the reaction mixture '™ ^flto* room temperature. The mixture 

dioxan is added, the solution is ^^^^i^^aBc^ .1 in CH 2 CI 2 is added before 
is cooled to -15'C. Boc-TMSal-Pro-ONSu (29.7 g. 65.2 mMol) g 1 1 „ the 

famine (18.1 ml. 130.4 mMol) is ^^^^ * vacuo, 

mixture is stored for 2 hr at room tempera* re • ^^3*^52 with ether. After drying over Na^O, and 

from ether/hexane as a white crystalline compound, mp: 74-C. 
15 OBoc-D-TMSal-Pro-NH-CHaCH^NjJB-OPin 

(c=1.0inMeOH). 

Example 5 

2 5 Boc-D-TMSal-Prc>BoroLys-OPin 

crystalls. mp_ 128-129-C; a 0 = -59.6« (c=1.0 in MeOH). 
Example 6 

BocD-TMSal-Prc- ^HAm-OPin (benzene sulfonate) 

in ethanol. Cynamide (210 mg. S.OmMol) * ^^l^Z^spotfor^^ne^^rr^ 
reaction ismomtored by ^ C ^^^^ obCed. After 7 days, amine can no longer be 
and the appearance of the Sakaguch, strea M £he product,? ^ed MeOH and is chromatographed 
detected and the solution is concentrated in vacuo. The residue is ois 

on a 5 x 55 cm column Sephadex LH-20 with MeOH. _ 
The desired product is obtained as a white foam. a 0 --40.8 (c-0.5 in CM 2 u 2 , 

Examples 7-29 

By methods analogous to those in Examples 1-6. the compounds of formula 

Qi 



30 



35 



/ 

■ . V - NH - CH - CO - AA - N - CH - B 

50 | \ 



in 



55. 
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TABLE I 



0 


Ex 






R 5 ' 


Qi+Qa 


AA 




C solvent 




7 


Boc c) 


E 


-(CB 2 > 3 -NB 2 


a) 


Pro 


-27,8° 


0,5 EtOB 




8 


Boc c) 


B 


-(CB 2 ) 3 NBC(NB)NB 2 


a) 


Pro 


-75,0° 


1,0 CB 2 C1 2 




9 


Boc e) 


B 


-(CB 2 ) 4 N 3 


a) 


Pro 


-64,7° 


0,51 CB 2 C1 2 


10 


10 


Boc e) 


B 


-(CB 2 ) 2 SiMe s 


a) 


Pro 


-57,0° 


0,5 CB 2 C1 2 




11 


Boc d) 


E 


-(CE 2 ) 2 SiMe 3 


a) 


Pro 


-59, 3° 


1,0 CB 2 C1 2 




12 


Ac c) 


B 


-(CB 2 ) 3 NBC(NB)NB 2 


a > 


Pro 


-80,2° 


0,5 CB 2 C1 2 


10 


13 


Boc e) 


B 


-(CB 2 ) 3 NBC(NB)NB 2 


a) 


Pro 


-42,3° 


0,5 CB 2 C1 2 


14 


Boc c) 


E 


-(CB 2 ) 4 NBC(NB)NB 2 


a) 


Pro 


-18,8° 


0,5 EtOB 




15 


Boc e) 


B 


-(CB 2 ) 4 NBC(NB)NB 2 


a) 


Pro 


-61, 7* 


0,41 CB 2 C1 2 




16 


Boc e) 


H 


-(CB 2 ) 4 NB 2 


a) 


Pro 


-52,4° 


0,54 CB 2 C1 2 


20 


17 


Boc d) 


B 


-(CB 2 ) 3 NBC(NB)NB 2 


b) 


Pro 


-35,8° 


1,0 EtOAc 




18 


Boc e) 


B 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-10,6° 


0,5 CB 2 C1 2 




19 


Boc d) 


B 


-(CB 2 ) 3 NHC(NB)NB 2 


b) 


Gly 


+ 8,8 e 


0,5 EtOAc 


25 


20 


Ac c) 


H 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-78,6° 


0,75 CH 2 C1 2 


21 


Boc e) 


B 


-(CB 2 ) 3 -NB 2 


b) 


Gly 


-4,4° 


0,5 CB 2 C1 2 




22 


Boc f) 


E 


-(CB 2 ) 3 -N 3 


a) 


Pro 


-76,0° 


0,5 CB 2 C1 2 




23 


Boc £) 


E 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-25,4° 


0,5 CB 2 C1 2 


30 


24 


Boc f ) 


B 


-(CB 2 ) 3 NBC(NB)NB 2 


a) 


Pro 


-34,8° 


0,5 CB 2 C1 2 




25 


Boc d) 


B 


-(CB 2 ) 4 NBC(NB)NB 2 


a) 


Gly 


-14,7° 


1,0 MeOB 




26 


Boc d) 


B 


-(CB 2 ) 4 NB 2 


a) 


Gly 


-30,6 


0,5 EtOB 


35 


27 


Boc d) 


E 


-(CB 2 ) 4 NB 2 


a) 


Asp 


-18,4° 


0,5 HeOB 


28 


B d) 


B 


-(CB 2 ) 3 NB 2 


a) 


Pro 


-53,6 


0,32 MeOB 




29 


Boc d) 


B 


-(CB 2 ) 4 0C 2 B 5 


a) 


Pro 


-54,2 


0,5 MeOB 



40 Example 30 

Boc^P'TMSakPro-BofDMpgOPin 

A) (+)-Pinanediol-(S)-1-chlorc>^methoxy-butane^1-boronate 

45 ■ 

3-Methoxy-1-propene (6.0 g, 83,3 mMol) is reacted with catecholborane (10.0g, 83.3 mMol) at 100°C over 
24 hr. The crude product is distilled in vacuo to give 3-methoxy-propane-1-boronate as a colouriess oil. 
(+)-Pinanedtol(ip.6 g. 62.5 g mMol) is dissolved in THF and the above synthesized 3-methoxy-propane-1-boro- 
nate (12.0 g t 62.5 mMol) is added. After 1 hr at room temperature, the THF is removed in vacuo and the residue 
so is purified by flash chromatography (80:20 hexane/EtOAc) to give (+)-pinanediol-3-methoxy-propane-1-boro- 
nate as a colouriess oil. 

The desired (+)-pinanediol-(S)-1-chloro-4-methoxy-butane-1-boronate is prepared according to the pro- 
cedure given in Organometatlics 3, 1284 (1984). Therefore methyl enechloride (2.2 ml) in THF is cooled to - 
100°C and n-butyllithium (13.8 ml 1.6 M solution, 22.0 mMol) is added over 20 min. After 15 min at -100°C. a 
55 solution of (+)-pinanediol-3-methoxy-propane-1-bdro nate (5.04 g, 20 mMol) in THF is added followed by 
anhydrous ZnCI 2 (1 .42 g, 10.0 mMol). After additional 1 5 min at -1 00°C the reaction mixture is warmed to room 
temperature and stirred for 2 hr at this temperature. The solvent is removed in vacuo, the residue is diluted 
with ether and washed with water. The organic layer is dried over Na 2 S0 4 and is concentrated to give an oil 
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which is purified by flash chromatography (9:1 hexane/EtOAc) to give the desired (^pinanedioKSH^hioro- 
4-methoxy-butane-1-boronate as a colourless oil. 

B) Boc-D-TMSal-Pro-BoroMpg-OPin 

of step A) (1.53 g. 5.0 mMo.) in THF is added. After stimng for 1 hr •t-J^M ^J^~£Z£ 
♦ ft «no M h,ro After this oeriode the react on m xture ts recooled to -78°C, HCi mi o.oa " ouiuw , 

? 5 Tm^?^ 

^hviamine (1 39 ml 10 0 mMol) is added to start the coupling reaction. After stimng at -15 c ton nr. me 

of the solvent, an oil is obtained which is purified by flash chromatography (EtOAc) to grve BocD-TMSal Pro- 
BoroMpg-OPin as a white foam. a 0 = -48.8° (c=0.25 in CHzClj). 

Example 31 

Boc-D-(p-{TBDPS-0)methvl)Phal-Pro-BoroOm-OPin 

A) Boc-D-(p-((1 ,l.dimethylethyl)diphenyl-sByl)oxy)methylphenylalanine 

,n orderto selects reduce the azido group in the substrate. ^^J^^^^ 
. a suspension of SnC 2 (3.12 g. 16.5 mMo.) in CH 2 C, Triethylam.ne (6 J "*^^^2S3^1 "S"* 
solution is obtained. Boc-anhydride (4.8 g. 22.0 mMol) is added before (3 (2S). ^^d^p-ttl.l aim 

mMol). prepared according to the procedure g.ven .n J. Am. Chem. Soc 1£9 6881 « 

niol) 13 dissolved in THF/wdte. an Is hydroiyMd w* ,n sdu generated L'0OH(Sje 
foam. 

B)Boc-DKp-(((1,1-dimeth^ 

several times with EtOAcThe combined ^^2^1255 55»SSh toeluate p-nitrc 

centrated in vacuo. The colouriess oil is purified ^^J^^.^„^Ste foam. 

phenol, then 80:20 CHA/BOH)* give Boe^I^DJ^>^*^^- '^^^ mMol) and 

Me)-Phal-Pro-ONSu is obtained as a white foam. 



13 



EP0 471 651 A2 



C) Boc-D-(p-TBDPS^-Me)-Phal-Pro-Baa-OPin ^ 

The title compound is obtained by using the analogous one-pot 3-step procedure described for the synth- 
esis of Boc-D-TMSal-Pro-Baa-OPin in Example 1/C: Therefore the intermediate a-amino-boronate, which 
5 results from the reaction of the chiral a-chloro-boronate (( + ).pinanedioKSh1-chloro-4.brorno.butane-1.boro- 
nate) (659 mg. 2.0 mMol) with UN(SiMe^' (2.0 mMol) and hydrolysis with HCI. is reacted with the active ester 
of step B) (1.45 g. 2.0 mMol) in the presence of Et 3 N (4.0 mMol) to give the title compound which is purified by 
flash chromatography (1:1 nexane/EtOAc). 

10 D)Boc-P-(p-TBDPS-0-Me)-Phal-Pro-BoroOrn-OPin 

The product of step C) (680 mg, 0.72 mMol) is dissolved in DMSO and sodium azide (94 mg, 1.44 mMol) 
is added. The mixture is stirred for 4 hr at room temperature. Ether/ice water is added, and immediately white 
crystalls are precipitated out of the mixture. The white precipitate is filtered off and washed with water to give 
Boc.D-(p-TBDPPS-0-Me).Pha|.Pro-NH-CH((CH 2 )3N3)B-OPin as a white crystalline compound. 
This azide (272 mg, 0.3 mMol) is dissolved in EtOAc and is hydrogenated in the presence of Lindlar-Catalyst 
After 8 hr, the catalyst is removed and the solution is concentrated in vacuo. The crude product is punfied by 
flash chromatography (EtOAc then EtOH) to give the desired title compound as a white foam, oq = -32.4° 
(c=0.25 in MeOH). 
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Example 32 

Boc-r>(p^H-Me)-Phal-Pro-BoroOrn-OPin 

The boro-ornithin of Example 31 (132 mg, 0.15 mMol) is dissolved in THF and is reacted with n-Bu 4 NF (0.3 
ml 1 1 M solution, 0.3 mMol). After 45 min at room temperature ice water is added and the resulting mixture is 
extracted several times with EtOAc The combined organic layers are dried over Na 2 SOi and concentrated in 
vacuo. The resulting oil is purified by a short chromatography (EtOAc then EtOH) to give the desired title com- 
pound as a white foam. a D = -34.0°C (c=0.1 in MeOH). 



Example 33 

Boc-D-TMS-al-Adgly-boroPro-OPin 
35 A. L-1-Adamantylglycine 

(3(2S),4SV3-(2^do-2-adai^ de > 95; 9 ' 86 9f 

25,0 mMol), prepared according to the procedure given in J. Am. Chem. Soc. 109. 6881 (1987), is dissolved 
in 320 ml of a mixture of THF/H 2 0 (3:1), cooled to 0°C. mixed with 4 equiv. of hydrogen peroxide and 2,0 equrv. 

40 of LiOH. The resulting mixture is stirred at 0°C until the substrate has been consumed (30 min.). and the 
peroxide (percarboxylate) is quenched at 0°C with 1 0% excess of 1.5 N aq N a2 S0 3 . After buffering with aqueous 
NaHC0 3 (pH 9-10) the mixture is extracted several times with EtOAc to remove the oxazolidinone chiral 
auxiliary. The product carboxyiic acid is isolated by EtOAc extraction of the acidified (pH 1-2) aqueous phase, 
drying over Na 2 S0 4 and concentration in vacuo. The desired (S)-azido-adamant-1-y1-acetic acid is isolated 

45 as white crystalls (5,29 g) and is used in the next step without further purification. 2(S)-Azido-adamanM-ylacetic 
acid (5,29 g. 22.5 Mmol) is dissolved in 110 ml of EtOH and 11,3 ml of 2 N HCI, and is hydrogenated in the 
presence of 0,7 g of 10% Pd/C. After 2,5 h, catalyst is removed and the solution is concentrated in vacuo to 
yield the desired aminoacid as the hydrochloride salt The obtained hydrochloride is suspended in 40 ml of H 2 0 
and is treated with 1,9 g of solid NaHC0 3 . The obtained amino acid is filtered off and washed several times 

so with water. After drying in vacuo, L-1-adamantyl-glycine is obtained as a white crystalline compound, [a] D » = 
+ 3,0(c = 1,0in MeOH). 

B. Boc-P-TMSal-Adgly-ONSu 

Boc-D-TMSal-ONp (7,71 g. 20,2 mMol) of example 1 is dissolved in THF and an aqueous solution of 
equimolar amounts of 1-adamantyl-glycine and Et 3 N is added. After 20 h at room temperature the THF is 
removed in vacuo and the aqueous residue is diluted with 1 50 ml of 0.1 N HCI, and then extracted several times 
with EtOAc. The combined organic layers are washed with brine, dried over Na 2 S0 4 and concentrated in vacuo. 

14 
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C Pnr P TMc g t.Ari n lv.boroPr&-OPin 

~ : ^tweoorocedure described for the synth- 

The tide compound is obtained by of the stericaiiy hindered active 

of Boc-D-TMSal-Pro-Baa-OPin in example 1/C. Due to ' «»■ , & from tne rea ct.on of the 

W t 5.0 mMol). the germed i^m-no = ^ ronate) (1J g . 5 . 0 „„ 

chiral o-chloro-boronate (t + >" p,naned,0, - (S ^;tlTv^ vT h HCl cydizes to the boroproline denvabve. winch 
mL hexamethyl-disilazane (5.0 mMol) and hydro £• ^^^^g.y.boroPro^Pin as the 
TaSthen with the active ester of 7**^^5^ en*. product yielos ^ compound 
.najor product Fiash chromatography 

mp: 187-1 88'C. [a] D » » + 2.8° (c= 1.0 in CH.Cy. 
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Claims 

1. A compound of formula I 
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or Q1 and Q 2 ta^en *o» «sidue; ^ ^ ^ ^ ^ o aralky1 or phenyl 

R„ R 2 and R, wh.ch may be the samej. an£) q ^ 

substituted by up to three groups selected from Calkyl. h og 
is hydrogen or Cvioalkyl 
R 5 is a group -A-X; wherein - 
A is -(CH,),- in which 2 is 2.3,4 or 5; . 

-CH 2 -CHrCH(CH 3 )-CHr; ( CH ^ CH(C "^ ^ m c .falkoxy. C^alkylthio or -Si(CH 3 ), or 
fte D- S * oonf^o«0" o- roprossn. on, -«.» o( mes e . 



2. 




theD-orL-comiguiouw.. 

. «, • u.ph CH O) - ReCO-, R7OCO- or R,SO r . where.n: 
A compound according to claim 1 in wh.ch W . H(CH 2 CH 2 0) p . R, 

p = 3-30 
r = Ci^alkyl 

o- c^alkyl. Phenyl, benzyl or naphthyl; and 
^ = phenyl, naphthyl or C^alkylphenyl 
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